Background and Purpose: Because the frequency of hemorrhagic transformation of cerebral infarcts is still a matter of controversy, we performed a prospective magnetic resonance imaging study in a series of consecutive patients with cardioembolic stroke.
H emorrhagic transformation of ischemic cerebral infarcts is still a matter of controversy, particularly concerning immediate anticoagulation in cardioembolic stroke.' This is not surprising because even the true incidence of hemorrhagic transformation is not known yet. Frequency of hemorrhagic transformation varies widely in different types of studies. It is lowest in retrospective computed tomography (CT) studies and highest in autopsy series of acute embolic stroke.2 Serial CT examinations reveal an incidence of about 40%.3 4Most hemorrhages become visible within the first 2 weeks after a stroke. 3 Actually, hemorrhagic transformation may be even more frequent. Small amounts of blood may be invisible by CT The most frequent source of embolism in the 41 patients was a thrombus in the left atrium, followed by nonvalvular atrial fibrillation without thrombus formation (Table 1) .
Concomitant atherosclerosis of the carotid arteries was detectable by duplex sonography in 20 patients (48.8%), affecting the symptomatic artery in 13 (31.7%). Evaluation of the middle cerebral artery by transcranial Doppler ultrasonography was technically sufficient in 29 of the 36 patients with infarcts in the middle cerebral artery territory. Seven patients had evidence of recanalization (increased blood flow velocity, in four cases with signal loss before) within 4 days after the stroke, and none had evidence of persistent occlusion of the stem of the middle cerebral artery.
Most infarcts (18 patients) involved the territory of Ischemia was restricted to subcortical structures in 13 cases and included nearly the whole territory of the middle cerebral artery in the other five. Five infarcts were located in the area of the posterior cerebral artery. Calculated volume of the hypodensity on CT scans was .10 cm3 in 18 cases, 11-50 cm3 in 12, and >100 cm:3 in eight. Sixteen patients had compression of a lateral ventricle due to ischemic edema, and another two had a midline shift. Only one patient already had minor hemorrhages on the initial CT scan taken on the second day after the stroke. MRI 3 weeks after the stroke showed hemorrhages in 24 of 35 infarcts (68.6%) (Figures 1 and 2) . Most of the patients (17) had petechial hemorrhages along the gyri; five also had disseminated petechial hemorrhages within the basal ganglia. 
Discussion
The frequency of hemorrhagic transformation of cerebral infarcts and its clinical significance is still a matter of controversy. Autopsy studies reveal an incidence of bleeding into embolic infarcts of up to 70%,5-' serial CT examinations of up to >40%.37 The discrepancy might be explained by differences in the severity of stroke or by insufficiency of CT to detect small hemorrhages. Therefore, the true incidence of hemorrhagic transformation in embolic stroke is still not known. MRI proves to be the appropriate tool to solve this question. MRI has a high sensitivity to detect even small amounts of blood, and blood degradation products are visible for a long time, which makes repeated examinations unnecessary. 5 We performed MRI 3 weeks after the stroke because most hemorrhages occur during this time, as former CT studies have shown. To avoid a selection bias, the patients were consecutive victims of acute TIA or ischemic stroke who underwent a standardized diagnostic routine. All patients of this series with a CTproven supratentorial ischemic infarct due to cardioone or two pial branches of the middle cerebral artery.
genic embolism were included. The incidence of hemorrhagic transformation was about 69% on MRI due to enhanced sensitivity and was thus much higher than in studies with sequential CT examinations.3,4 It might be surprising that the bleeding rate was as high as or even higher than in autopsy studies, in which large infarcts with greater risk of hemorrhagic transformation should predominate. On the other hand, some patients might not survive until the second or third week after their stroke, by which time some hemorrhagic transformation might just occur. Hemorrhagic transformation of cerebral infarcts due to cardiogenic embolism seems to be a regular finding in medium-sized and large infarcts even without anticoagulation. Thus, concerning therapeutic or preventive studies in cardioembolic stroke, the question should not be whether a certain regimen increases the risk of bleeding into the infarcted tissue. Rather, the matter of interest is whether more severe hemorrhages occur with clinical consequences.
